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CELL CONTROL & [INSTRUMENTATION.

2 SECTIONTL, CLAUSE LI 126 — GOVERNMENT — FURNISHED PROPERTY
IS BEVISED 10 INCLUDE THE FOLLOWING:
FADEC

ALL DRAINS AND COMMON HARDWARE, TO INCLUDLE THE BELLMOUTH AND OTIIER
STTCH ITERS WIT.L BE GFP

THE ENGINE DRESS KIT ITEMS WLl BL FURNISHED BY CCATY. TTEMS SLICH a5
TUEEMOCOUPLES SHOULD BE FROVIDED BY THE CONTRACTOR ALL STANDARD
HARDWARE TTEMS AND THE BELLMOLULTH, ETC,, WILL BE GTFM

32 SECTTON I, DATA REQUIREMENTS ARL REVISED A5 FOLLOWS:
Project Schedule 1s Daly lem AQ05, System Drawings-Installation is redesiznated as Data Icmm A0S,

Progress Reports is Data Item AQDE. Systern Drawings-As-Built is redesignated as Data [tam
AD10.

Test Acceptance Software iz Data ltem A007. System Drawings-Vendor Information is
redesignated as Data ltem AD1T1.

Source Godes, Firmware, Software (Including Backup) is Data ltam AQ08. System Manuals-

Oparations Manual is redesignated as Data ltem A012,
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APPENDIY B
APPENDTX B: CELL CONTROL & INSTRUMENTATION

1. Requirements
The specific requircments for the C&T systom are provided in the [ollowing sections.

1.1 C&1 System Delinilion and Description

The primary component of the C&T system is the data acquisition fonction of the test cell, which acquires important
engine porformance parameters in real-time while the engine s ruoning. Averape of 5 points of the data are then
analyred by the engine manulacturers’ Data Reduction Programs (DRTs) as required. The C&l system also provides
teal cell operators with the ability to control the testing according 0 siep-by-step acceptance test procedures
provided by the engine manufacturers. Contral hardware includes throtle and governor levers, load lorque control,
switchea’contact closures, polentivmeter adjustments, and control computer kevhoard nterface,

1.2 C&T System Block Diagram

A block diagram of the C&1 system within the engine west cell is depicted in Figue 3-1. The C&I System does not
include the engine water brake load. certain test cell facilities and [xiures, or the computers which host the DRPs.
The C&T system nwst contain a rulti-channel, real-time data acquisition system. and must be able wo display this
mformation on computer monitors for two operators (Mpilot™ and “co-pilot™). The data acquisiion system must
include signal condilioning a5 required for a variety of transducers and sensorg in the wst cell. The data acquisition
syslem, operator conrols, operator displays, signal conditioning, and Lhe control conputer are to ke located in the
contrnl room of the test cell, Some transducers and sensors are provided as part of the enging under test, and =some
are Government Furnished Eguipment (GFE), but most must he incloded in the Carl systern acquisition. Sosne
sensor and control components must be purchased from the OEMs (G.E. and Honeywell) of the engines o he tosted.
All wiring and cabling from the control room to the sensors, transducers and contol hardware are alen part of the
Céel syslem.
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Figure 3-1. Test Cell C&T Syatem Block Disgram

1.3 Systerm Hardware Components
The Test Cell C&T hardware 15 comprised of four major components.

¢ Data Acquisition System. Uszed to measure data from sensors and convert to digital values in real
tme. Includes sigmal conditioning,

»  Comtrol Computer(s). Used for processing the input signal conditioned data, providing the operdtor
Interfaces, and eachanging dala belween the Data Reduction Programs (wihich can be hosted either on
the Control computer or remote Thiix Workstation), aud the ATETS 1T application that resides on a
DO&-hased P'C,

& Transdueers/Sensors. Used for monitering engine performance parameters, lest cell Instrumentation,
and Water Brake instrumentation.

= Operator Controls, The following lypes of contrels arc included in the C&l syvstem.
- Levers (Example: [or controlling Engine Speed and Water lirale Torque)
- Control Knobs {(Example: for Controlling Np Demand)
- Panul Bultons and Switches (Example: for testing the Over-speed Fnaine Function)
- Vendaor Specific Controls (Example: Honeywell Consale Kit)
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1.4 C&T Real-Time Nrata Acguisition

1.1 This suhsystem provides the link berween the Operator Console computer and the ingirpnientation sensors. The
Dala Acquisilion syslem shall be housed in the Test Cell Contral room and controlled via a local computer (PC or
Uhnix based) located in the same room, During testing, a number of channels will be scanned in real linwe. Typical
scan rates are L0 samples per second [or each chammel. Swme channels may have higher sean tale requirements.
Heclivn 3.2 provides a delailed listing of the required data acquisition channels and independont requirements for
those chammzls,

1.4.2 The dala acyuisition system shall be a compact, modular Commercial-Qil-The-Shelt {COTS) system fromn a
leading manutacturer, capable of being expanded and upgraded. Indusicy standard modules and communications

data in real time from all channels simultamecusly at the specified rates. Signal conditioning must be included to
provide calibrated data acquisiion for thermocouples, Resistance Temperaire Delectors (RTDs), engine torque
muters, and other sensors as necessary. The data acquisition syetem must be capable of averaging any inpul sigmal
aver a specifisd time and displaying this average, thus providing digital filtering of the sionals when desired.

1.5 C&l Control Computer

The C&l control compuier must be able to conmmnicate to the Unix based Worksialions located either in the
Operator control Toom, or at a remate location via an Tthernet LAN, which hosts the Data Reduction Programs
(DEFs). The Control Computer must also be capable of passing data to the ATETS 11 computer via BS-232 in
response o pneumonic lags senl by ATETS T1. Both pilot and co-pilot displays are requited, cach with the abilioy to
independently display data from pre-determined chanoels of the data acquisition system. The operaror shall have (he
capability to add or sulvwract “display data points™ of all available chamels as requived. The display shall be capable
of displaying 100 parameters wilth po degrading of the system. The required screen vpdate tae lor all displayed
parameters 1s @ minionun of five times per second {3 Hel The syslew must also be capuble of visually indicating
alarm conditions and highlighling oul-of-bownds measurements in real-time to provide immedizle woifcalion of
such conditions lo the wedl cell operators. Where satery conditions are monitored, an audible alann must also ke
wneluded, which can be implemented on the controller or with an external device.

1.6 C&l Transducers and Sensors

The C&l mansducers and sensovs include thermaconples, BT, pressure runsducers, fow meters, counters or
timers, torque meters, vibration ransdocers, eocoders, voltage dividers, enging chip deteclors and comtact
measurement. The requircments for the transducers vary, but each must provide the measurement accuracy specified
by the parameter tables provided in Appendix C. In some cases, iransducers arc integral to the engine or o the
tacility. Tn other cases, the wransducers or sensors and associated signal conditioning must be purchased from the
Engine OFM by the contractor All thermocouples used to measurz engine parameters will be provided by CCAD as
Cilve,

1.7 C&l Controls

1.7.1 Engine speed and Water Brake Torque are normally controlled by the test cell operator, Tt shall be possible 1o
control these parameters manually, uaing levers lecated in the Operator Control Room. Tn addition, the ability to
override and control these paramelers automativally via the control software is required. The primary objective of
this [ealure is sutomatic and rapid chop of the throttle when ceriain eswblished maximam limits have been
excoeded. A secondary ahjective is the automation ol syt and test sequences.

1.7.2 The following Conirols are requived for this system,

1. Water Brake Conuol Lover(s) o voniro] the Torque applied o the Engine Shall. NOTE: The Water Brake
is not included m the C&T system. However, controlling wechunisms may be included, depending on the
Water Brake type.

L2 Power Available Spindle (PAS) and Load Demand Spindle (T.105) Levers lor Controlling the GTE T700.
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M1 {Compressor Rotational Speed) and M2 (Power turbine rotational speed) thioutle levers Tor controlling the
Toneywell T55L712 ¢ngine.
3. BCI throttle lever and W2 set kmob for the Homeywell T35GAT 144 engine.
+4, Control Knob lor controlling the GE T7H) Np Dernand.
5. Pancl Buttons and Switches for resting other Engine and Test Cell Functions.
36 Vendor Specific Conirole, Testing the Honeywell Engines requites s unique Vendor Specific Console

which communicales w the Engine Control Tnit and provides the Np Demand.

7

1.8 Software Functional Requirements

1.8.1 A set ol oversll sollware functional requirements is piven in the lollowing paragraphs. These requirements arc
envizgioned to be provided by a combination of operating system, user applications, test execuiives, and graphical
user mmterfaces or some subset thereof. Tt is incumbent on the desipner to create a logical and functional partition of
these software elements 1o provide the desired functionality in such a matner that mter-program operalion is
tratsparenl irom the system operator’s point-of-view, The infent is Lo provide a description of the minimal sottware
functionality that is needed. Additional sellware capatility is desired for increased Nexibility and maintainability of
the system. The preferred method for implementing the software is using a Iully functional COTS sollware package
that 14 cusily reconfigurable by CCALY oreanic support (such as LabView/TestStand or InTouch/Wonderware). Any
software code uniquely developed [on this applicalion shall be fully docnmented and shall be delivered with the
latest source ¢code and an appropriate developinentcompilation enyironinent,

1.8.2 The C&I System Software must provide the ability lo sean all data acquisition channels, or a sclected subset,
contimuously in real-time at the specified data rates. The software must allow display of different measured
paramzter subsets on lwo o more screens simultanesusly, for the “pilad” and “copilot” operators. Any subsel ol the
data avguisition channels shall be selectable for display, The parameters shall be displayable in a number of different
formats, inchuding nameric, bar graphs, sliders, strip charts and ganges. The display type, location, size, color,
scaling, and digital resolution fir cach parameter rust he easily seleclable. Software filters, limits and alamms nst
bu selectable for each channel. Caleulated values based on formulas, tables and’or multiple daty chammels nust be
allowed for calculation and display in real-time, while maintaining all data acquisition sample rates and screen
updule rales. This meludes hncarization and/or characrerization of sensors when reguired, The soflware must he
capable of automatically determining whey redundant sensors fall owside of a pre-selected correlation tolerance, and
providing an alarm indication in such instances. Tt must also be capable of ipnoring a sensor when ™o or more
sensors measwing the same parameter ate in sigmficant disagreement,

1.8.3 The soltware must have the capability of alerting operators when parameters fall ouside predelenmined limits,
uguglly with coloer coding or highlighting. Alsa, when cerlain chosen parameters fall outside of predetermined limits,
the software must be capzable of indicating an alanm condition. This can be aczomplished with panel mounted alarm
anmminciators or viriual alarms (on the monitor screen). An audio alarm must also be included for safety conditions.
The suftwarc must also be capahle of evalnating alarm conditions and taking corrective actions, such as retarding the
throttle to idle or cutting fiel to the engine. These salvty requirements are described in more detail in section 3.3.3,

1.8.4 The sollware must include calibration and self esr modes ol operation, and mwst bave modes that are
specifically gearcd toward cach type of engiue w be lested. The soflware must also be capable of mterfacing with
the DRI's wia Ethernet and the ATETS 1 program via RS-232.

1.9 Bpecific Component Requirements

1.2.1 ¥endor Specitic Components

The following vendor specilic conponents, when properly installed and integrated into an atherwise compliant tost
system, provide the reguired functionality for the C&[ Syetern. Alternate system configurations that provide the
same functionality for the Cadel Swsrern can be proposed and will be considered compliant with the soliciuation,
Either approach is acceptable and meets the requivemen: for this program,
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1. Endeven TRASTT Vibration System
a) Acceleromelers: Model 62228.20 for Engine mounts (2 ea)
Maodel G2225-50 for AGI {1 ea)
Blodel CEL-4-128 Water Brake and H20 puowp (2 ea)
b} Charge Converter: Model 2777A-02-25, Gain 2, 1IP Lreq 23Hz, (5 ca)
¢) TFAS TT Amplifier System: Modal 63222 8-channe]l Amplilier.

. FlowDyne TPS Venturi Flow Meter; B/N VPOS2920-5UF.

3 Honeywell TS30AT14A Test Consele Package PO LTCT0520 Licludes:
Honeywell T230GATIAA Operator Consale w)' Ungine controls and lever.
Tloneywell U35GATI4A FADEC {to be mounted in Test Cell near Binging),
Iloneywell T2AGATI4A Engine Dirass Kt PN LTOCT 31100
Hemeywell T35GAT14 Torgue heter

4. Honewwell T3SLTI2 Bugine Diress Kil PAN: TED

5. ogeywell Odl Tenperature Controller (T35(GAT14 HEngines) PN LTCL 31486

G, T55GAT14A Flight Line Test Set

7. Pile National Connectors (special for G.E) for the Bl and B3 BCL! connectrs

Padt

(Beo section 3.2.4)

1.9.2 GFE Components
The following Government Furnished Bquipment (GiFR) s ineloded in the C&I system.

CCAD T33L712 Internal Enginge Torgue Meter Signal Conditioner (1'350GA712 Engines)
All Engine Temperatiwre and Ol Senzors

GETHO0 PAS, LIS, and Stagel Yaoe Angle encoder engine mounting HAW,

Honeswell 'U'5350712 N1 and N2 cncoder engmine mounting FAY,

L10 C&T Parameter Regquirements Table

The C&l parameter requirements table is provided in an Txeel spreadsheet ineluded as part of the bid solicitaion
packapge. This requirements able gives the detailed requirements for each parameter to be measured by the C&I
aystem, including parameter localion. perfonmance range, accuracy, engine applicability, sensoritransducer type, and
gammple rate. Taps are provided for reference to the C&T system diagram.

1.11 C&1 System Diagram

The C&T System Dhiagram s provided in Appendix C. The system diagram includes four separate diagrans of the
teat cell Cdel svater as [ollows;

«Mlasler diagram showing all C&T reguited paramerers.
. GE T700 diagram showing C&T parametzrs required for GE 1700 cngines only.

L R e

- Honeywell T33L712 diagram showing C&1 parmneters required for TASL712 anly,
. Honeywell T53GAT14A diagram showing C&T parameters required for 1'35GA 7144 only.

Y

A parameter tag reference wable s provided to define all lags and give a cross-reference 0 the Cdol Parameter
Reaquirements Takle.

2. C&T System Characteristics
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2.1 Measurement Capabilities

The C&T System must, at a miminmm, he capahle of measnring the lollowing parameters using Commercial OfF the
Shelf (COTs) instmamentation and data acquisition equipment:

Engine
Accessory Gear Box: Pressure, Vibration, and Chip Deleclion
Air lnlet; Temmperature & Pressure (PS1, PS1, and TO)
Anti-Tee: Temperamre & Pressure
Cuslomer Bleed: Flow, Temperature, & Pressure
Compressor Thscharge: Temperature & Pressure (P83, T3)
Tingine BRPM: (M1, N2, Ng, Np, New, Npp)
Hagine Corgue
Enyine Siatic ndicstors
Engine Control Levers (IPAS, LDS)
Engine NP/NZ Demand Control Tot
Engine Fuel: Flow {WF). Specific Gravity, Pressure snd Temperature
5 Adrflow (Pressure & lemperatire)
Engine Oil [Macharge: Pressure & Tenmperature (EODT, EQODR)
Engine il Scavenge: Temperatures and Pressures
Power Turhine Inlet: Pemp {145, I
ngine Exhaust: lenperalure and Pressure (PS9)
Engine Vibratiom
Fucilitics
H20: Flow, Pressure, & Tempelature,
(Ol Temperature Conlroller
Ajr Start Pressure and Control
Warter Brake
Water flow rate, temperatures and pressures
n] pressure & femperatare
Torque
Bearing H.0 and oil flow ratzs, and pressures.
Test Call
Baromeme Pressure
Absolute Humidity
Engine Power supply vollage and current indicators
Lighiing Conlavtor conlmol
Lenition Woltuge and Curvent Indicators

2.1.1 Temperature hleasurement

A Targe number ol wmperature measurement channels are required for the C&l svstem, most of 1hem employing
thermocouples or RTDs as the sznsor, Sceme inpotlanl points to consider in developing the required temperature
measurement techniques include sensor range and accuracy, dynamic tesponse, noise immunity, resislive losses,
cold junction compensation, non-linear characterization, and muggedized packaging. These characlenstics shall be
carelully unalyzed and optimized for the particular parameter being measured. Tn some cases, thermocouples will
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have to be characterized and calibrated in order 10 achieve the reyuired uevuracy. A brief description of the signals
to be measured and thedr tequired sensors Tollows:

2.1.1.1 Air Inlet Temperatures (T} (GF T700 Engines) Banee: 40°F to 150°F, Acowracy  0L5°T, Light BTD
sensors are (o be evenly spaced around the circle lormed by the Bellmouth sereen. Air Inlet teroperature is a critical
parameter lor proper charmeterizaion of the engine and comrelation testing of the test cell, requiring a great deal of
aceuracy and long term stability. Careful consideration of error sources guch as sell-heating and wire resistance nwsl
ba taken into account fo achisve the required accuracy. Resporse time, defined as time 1o reach 63% of timal
ternperaiure when a siep change oceurs, shall he less than 2 seconds. he tpical vge ol the cisht air inlet senzors is
Lo climimate outhers and averape the remaining sensor readings. The datla scquisition system mmst he able to perlorm
calenlations in real time with a minimum sarple rate of 10 samples per second. These sensors shall he Amnished by
CCAD us GFL.

2.1.1.2 Air Inlet Temperature (1) {Loncywell T35 Engines) Range; -40°F to 1530°F, Accuracy =0.3°F. Four
RTDs are 1o be cvenly spaced around the circle formed by the Bellmonth screen, A portion of the RTDs allocated
for the GE Engine can be used. The RTT)s may need characlerization belore the accuracy specification ven be
achieved, Responze time, delined as time lo reach 63% of final emperature when a step change vecurs, shall be less
than 2 seconds, These sensors shall be furnished by CCAT as GFE

2.1.1.3 Compressor Discharge Temperature {T3) (GE TT00 Engines)- Range: (°T 1o 1200°F, Accuracy +/-5 4°F.
Two custom, dual element Type E thermocmples are nsed for making this measorement. These sensars shall be
furnished by COALD as GEFL.

2.1.1.4 Compressor Discharge Temperature (T3) (Honeywell 155 Engines)-Fange: 0°F to 600°F, Accuracy
+54°F. Three RTDs shall be furnished by COCAD as GEE,

3.1L.L5 Power Turbine Inlet Temperature (T4.5) (All Engines): 0°F to 2000°T, Accuracy 25.4°T <1472°F |
=7.2°F =1472°F. A Type K thermocouple is emploved in the engine 1o mwasure Lhis critical paramcter, One data
acquisition channel shall e allocated for this sensor,

2.1.1.6 Engine Exhaust Temperature Rake (T9) (All Enginesy: 0-1' lo 2000°F, Acowracy +54°F <1472°
I 214720, A thermocouple harness employing six Type K thermocouples, mountzd in the copine exhaust
Oow., is required, providing a single averaged outpur tn the data aconisition syslerr. These sensors are used for
diggnostics when troublzshooting the engine.

1.1.1.7 Particle Separator Temperature (GE T700 Engines)- Range: 40°F to 130°F, Accuracy £00.57F required.
Two BT are required [or the P8 (emperature measurement, and are to be mounted at the mlet of the FlowDyne
[P35 Venluri Flow meter, a required vendor-specific transducer, Two sensors are vsed for redundancy and accuracy,

2.1.1.5 Oil Temperatures (GE T700 Engines)= Range: (FF to 400"F, Accuracy +0.5%F requived Two Twpe [
hermocouples are requited to measure the B-Snmp Forward oil scavenge lenperature and the enpine il discharge
temperature {EOIFT), In addition. & Type £ Thermocouples and dat acquisition channels are recommended for
wonilering the viher vil stavenge points on the engine during engine diagnostics and troubleshoating,

2,1,1,2 Gl Temperatures (Hooevwell TS5 Engines)- Range: (°F to 000°F, Accuracy =1 8°F below 392°F, 45,471
gbove 392°F. Two Type E thermocouples are required w measure oil scavenge temperatures al the #2 and Lurbine
bearings.

2.1.1.10 Engine Oil Terperature Bulb (Main Ofl Fump Discharge Tenp.) (Honeywell TS5 Engines)- Range:
IFT to 200°F, Accursey: +1.8°F. A special nickel RTD is resident in (he engrine for measuring oil terperature.



MNOGT74-03-F-001%
{100
Page 10 of 23

2.1.1.11 Engine Oil Out Temperature (Honeywell TS5GAT14A Engine): Range: 30°F to 510°F, Avcuracy £2°F.
A type E thermocoupls is required lor monilemng the engine il out temperature, 1o be located in the facilities oil
refum hine, This sensor is used to identify a safety alarm condition,

2.1.1.12 Oil Temperature Controller Temperatures (Honeywell TS3CATI4A Engine) Range: 30°F to S10°T,
Accuracy £3°F. 3 B TDs appropriate for measuring oil termperaturs shall be employed lor oil cooler inlet, ountlet and
an 01l calibration loop on the L'TOT 31480 ail termperatire coniroller required

L.1.1.13 Fuel Temperaiure (ANl Engines): Range: -100°F to 20070, Accuracy £0.5°F requited. I'mo Uype H
thermocouples are required for measuring the fusl emperalure near each of the two fiel flow meters in the Facility.

2:1.1.14 Engine Anti-ice Temperature (GE T700 Engines): Range: 2070 o 510°F, Accuracy +2°F requirsd. A
Tvpe E or Type K thermocouple is required for maldny this measurement. The sensor s w be meunted at the
applicable pott an the Engine Bellmouth, This sensor is used for engine woubleshooting,

1.1.1.15 Costomer Bleed Air Temperature (GE T700 Engines): Range: 500°T o 800YF, Accuracy 154°F
required, A Type E thermocouple is required for mounting on the customer bleed engine compressor port, This
sensor 1s used for engine rovbleshooting,

Z.L.L.16 Water Brake Strain Gaoge Temperature (All Engines): Rangs: 30710 10 950°F, Accuracy +3°F required,
A Type B thermocouple is Tequited to manitor the water brake sirain gauge lenperature. A thermocounle sensor iy
recommended due to the location of the sensor and itz possible cxposure to water,

2.1.1.17 Water Brake Water Temperatures (All Engines): Ranges 30°C 1o 210°F, Accuracy +3°F required. Two
Type E thermocouples are required to measure waler m and out temperatures. Thermocouple semsers are
recommended due 1o the location of lhe sensors and their posaible cxposure to water,

2.1.1.18 Water Brake Ol Scavenge Temperatares (All Engines): Range: 0°F to 600°T, Aceuracy =3.0°F
required. Three Type F thermocouples are dedicated to rear and foreeard bearing il scavenpe tenperature
measuremmenls on the waler bruke. Thermmocouple sensors are required due o the location of the sensors and their
possihle exposire o Water.

2.1.1.19 Cooling Tower Basin Water Temperature (All Engines): Range: 30°F o 21V, Accurcy +3°F
required. A Type E thermocouple is recormended o monitor the conling tower basin water lemperature for safety
and diagnostic informalion, A thermocouple sensor is recommmended doe to the location of the sensor and it
puszible exposure to water,

2.1.1.20 Hydraulic Start Syslem Temperature {All Engines): Range: 30°T 10 31070, Accuracy =3°F required, An
B'TD shall be provided to monitor the Hydraulic Start System rernperature for satety and diagnostic purposes.

2.1.1.21 Spare Thermecouple Channels: Sixtcen channels of spars thermocouple data acquisition, signal
conditioning, and hamess routing shall be supplied capable of accepting Lype K or type E thermocouples,

2.1.1.22 Spare RTD Channels: Sixtcen channels of spare R11) data acquisition. signal eonditioning. 2nd harmess
routing shall be supplicd, capable of accepting B 1LY sensors.
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2.1.2 Pressure Measurements

Pressure mezsurements for measuring air, oil, water, and [uel are requived as part of thes acouisition specification.
When pessible, the sensors are w be located i an enclosure in the 23t cell, and connected 1o the engine’s “pressire
purls” vig pneumatic tubing and “guick-disconnect” fimings, The use of digital pressure transniitiers is reouired
when accurate measuremenls are required, provided that acquisition speed requirements can be met. In additdon to
providing scaled data back 1o the C8l sysleny, using digital pressure transmitters reduces the everall number of data
acquisilion chamnels required by the C&T system. The following paragraphs detail the pressure wansducers and
measurements required for supporting the C&1 sysiem. The inmsducers are divided into four categories; Air, Fucl,
1], and Water.

2.1.2.1 Air Pressure Scnsors

2.1.2.1.1 Air Inlet Pressure (P50) {All Engines): Beange: 0-10" H.OQ. Accwracy +(0.1% IS vulue (GF
Specification). The 'T70 DMWER specilies using 4 static baskews, cach with 4 semsor inputs for measuring the
Bellmoulh Stalic Pressure. The Honeywell T35 Engine Specification only requires the use of 1 static baskel. These
pressure ports are Incatzd at the frant end of the bellmouth and are used for determining the inlel air pressurc. This
reading in ¢onjunclion with the Bellmouth Throat Static Pressurs is used in caleulaing the Engine Mass Air Flow
{an important parameter in determining the engine efficiency).

2.1.2.1.2 Belhmouth Throat Static Pressure (FS1) (All Engines): Range: 0-3 peig, Accuraey =0.1% F8 value (CT1
dpecification). The TTO0 TIWVWI specifies the use of § sensors spaced every 47 deprees around the hellmouth, The
Honeywell DMWIR specifies the requirement for 4 sensors for the TS3T712 enpine and 3 sensors for the
TH53GAT714A copine,

2.1.2.1.3 Compressor Discharge Pressure (P53) (All Engines): Range: 0-300 paig. Accuracy L0.1% FS value {(GF
Hpeeification). A pressure port i3 located on the compressor for measuring Lhe air pressure as it Jeaves this stage of
the engime. Since this transducer is used across all three cngines with varying ranges, it is required that o pressure
trangrnitter with a programmable range sctting be used. A transducer with a (-300 psig range will accommedarc 211
three enygrine types.

2.1.2.1.4 P3 Bovoscope Pressure (PS3-X). (GE Engines)
1.1.2.1.5 Combustor Inlet Total Pressure (T55L712 Engines)

2.1.2.1.0 Compressur Discharge Pressore #2 (PR3] (T35GAT14A Enginesy: Range: 0-300psig, Accuracy £0,1%
U's value (GE Specification). This is a szcondary port that s used for weasuring the air pressure as it leaves the
compressar stage of the engine. Since this transducer is used across all three engines with vurying ranges, it is
tequired thet a pressure transmitter with a programmable range serting be used. An XDCR with a 0-300psig range
will accommaodate all three engine types.

2.1.2.1.7 Exhausi Static Pressure (PS%) (GE Engines): Rangs: 0-107 1L0O, Avcuracy £0.1% FS walue (GE
Specilication). The T700 DMWER calls out the use of 2 transducers [or culeulating this value. The two pressure porls
are lncated on the Engine [ nrhine,

2.1.2.1.8 TIPS “Farticle Separator” (GE Engines): 0-107 IO al inlel, wnd 0-60 H.0 at throar, Avcursey +0.1%
F5 value ((3E Specification). The GE Lngines divert a portion of the inlet airflow to the particle separator to filter
out impurities in the ale eolering e engine. 11 s mporant however to caleulate this airflow so that it can be
sublracted from the tatal inlet airflow and provide the tue aidlow enering the enprine. Tao calenlate the Now, two
pressure measurements are recotded, along with a temperature reading faken at the venluri inlet. The pressure
measurements are laken at the venturd flow meter inlet and theoar, The della presswe s then used in comjunclivn
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with the temperatwre and flow chart to caleulale the wass airlluw, The T700 DAVWR specifies using thee redundant
pores af the inlet and two at the Qroal for caleulating the pressure readings,

2.1.2.1.9 Customer Bleed Pressure (GE Engines): Range: 150-250psiz, Accnracy 12%, This port is located on the
engine cornpregsor and provides awdlisry air pressure to the cabin, This parameler iz useful for trombleshooting
engine problems,

LLZ110 Water Brake Air Supply Pressure {All Engines): Range: 0-300 psig, Accuracy £2%. This sensor
monitors the air pressure going to the water hrake.

1.2.1.11 Afr Start Pressure (All Engines): Ranee: 0-50 psiz, Accuracy 1/-2%, Thig iransducer monitors the air
pressuce poing o e Bigne Adr Starter,

2.1.2,1.12 Baromeiric Pressure (All Enginesy: Range: 27-33" He, Accuracy L0006 “Ile. This scnsar is mounted
m the Test Cell and 13 vscd in caleulating the Engine Mass Adrllow,

2.1.2.2 Fuel Pressore Sensors

2.1,.2.2.1 Fuel Inlel Fressure (All Engines): Range: 0-100 psig, Accuracy £2%,. This prossure port is locatad at the
Engine fucl inlet.

2.1.2.2.2 Sceondary Fuel Inlet Pressure (TS5L712 Engines): Range: 0 1o -20" 1Lz, Accuracy +2%, Secoudury
port on T351712 Engines used far menitoring engine [uel pressure. This port produces a nepative pressure.

2.1.2.2.3 Fuel Boost Pressure (GE Engines): Range: 0-200 prig, Accuracy =29, This prossure port is located on
thie Accessory GGear Box,

1.1.2.2.4 Fuel Control Pump Pressure (T553 Engines): Range: (-1000 psig, Aceorsey +=2%. This sensor pori i
located om the engine manifold downstream from the fuel punp.

2.1.2.2.5 Facilities Fuel Filter Pressure — Upstream (All Engines): Range: 0-100 psip, Accuracy +£2%, This
sensar port is located on the Test Cell Pusl piping upsiream from the fucl flow meters and facilities fuel Glier.

2.1.2.3 il Pressure Sensors
2.1.2.2.1 Engine Qil Discharge Pressure (EQODP) (All Engines): Range: 0-200 psig, Accuracy £2%.

2.1.2.3.2 Gear Box Pressure (155 Engines): Range: 30 - +60 psig for T330712 Ungines, 0 10psiz for
TaaGiATI4A lngines, Acouracy =2%, This senzor is located on the Enpgine Gearbox,

2,1.2.3.3 Rear Bearing Oil Inlet Pressure (T35 Enginesh: Range: 0-100 puir, Accuracy +2%..
2.1.2.34 Power Turbine Bearing Oil Scavenge Negative Pressure (TS51.712 Engines)

2.1.2.3.5 Bearing 4&5 Oil Scavenge Negative Pressure (T35GATI4A Engines): Runge: 0w -15 psio, Accuracy
E2%5, Notle (his is 1 nogative prossure.
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1.1.23.6 B-Sump Scavenge Pressure (GE Engines): Range: 0-10 psiz, Accuracy L£2'%. This port is part of the
Ingine Lube System. This is net a critical parameter, but is wselull [or roubleshouliog cnemne problems.

2.1.2.3.7 Waler Brake Lube 0il Supply pressare (All Engines)ys 0-30 puig, Accuracy =2%. This transducer is
located downstream from the facilities water hrake bearing lube oil supply and is used in conjunclion with a flow
meter to moniter the stamsa of the oil fow and pressure entening the water breke.

2.1.2.3.8 Facility Lube (il Level Pressure (All Engines): Bange: 0-607 H.0, Acourzey 12%. Thiz transducer is
used for manitoring the facilities oil reservoir level.

1.1.23.9 Facility Lubc Oil Pressure (All Engines): Ruange: <25 - 4257 Ha, Accuracy L0371z, Thiv Tansducer is
used for mouitoring the oil pressure n the facilities lines rumring o the engine,

2.1.2.4 Water Pressure Scnsors
L1247 Water Brake P'ump Pressure (All Epgines): Banpe: 0200 psig, Accuracy 2%, | his sonwer is located an
the Warer Bralce pump outlel [Lmeasures the water pressure leaving the pump supplying water to the water brake.

2.1.24.2 Water Brake Bearing Pressurc (Al Engines): Range: 0-300 psig, Accuracy, L2%, Thig sensor is used in
conjunction with a turbine low meler i monitor the water pressure going 1o the Water Brake bearings,

2.1.2.4.3 Water Brake “In" Water Pressure (All Engines)y: Range: -30 -150 psig, Avcuracy =2%. This sensor is
locsled on the water brake. Tt mezsurcs the watcr pressure entering the waser brake,

2.1.2.4.4 Warer Brake “Out™ Water Pressure (All Engines): Range: 0-160 psig, Accutacy £2%. This scnsor is
located on the waler brake, [tmeasures the watsy pressure leaving the weater brake,

2.1.24.5 Cold Water Iovel ressore (All Kngines): Ranee: 0-60" HO, Accwracy 2%, This sensor iz used tor
monitoring the cold waler level in the facility.

2.1.3 Flow heasurements

The C&I system depends on various flow measurements for Engine efficiency testing as w2l aa for momitormg test
cell safety conditions, Turbine and/or paddlewheel meters are required depending on accuracy requirements. The
following paragraphs provide the tange and accuracy details for the flow metets used i the C&I systam,

2.1.3.1 Fuel Nass Flow Measurment (Wi (All Engines): Acouracy —0.5%. One in-line turbine Low meter ia
required for this measurement as per the T700 DMWR. A second redundant coviolis Oow meler is also required. | he
corivlis measuremenl lechmigue climinates the need for specific gravily measureroent, and shall have higher
accuwracy. The coriclis meter nust maintain the required acouracy wl the sample rate of 10 Hz (response lime must be
== (1.1 m&}. The sugeesied model 15 the Foxboro model CFTA0. The flow rat: obtained fom the urbine flow meter
is nsed in comuneiion with the fucl specific gravity measurements, which rowst be made with a hydrometer (0,002
resolution), to caleulate the fuel mass flow paing to the engine, The meters are Tocated in the Test Cell Fuel piping
and shall be sized o support a flow range from 25 Ihe to 2500 Th'r (arndown ratio of 100:1). The C&T system
must he capable of oblaining a lincarized result for fuel mass flow 21 the specificd data acquisition rate of 10
sumples per second.

2.1.3.Z IP5 “Particle Separator™ Mass Flow ((GF Kngines): For messuring the mass airflow through the particle
separalor, d Flowdyne Venmri Flow Meter, PN VPO32920-5TF is requived. In addition to peoviding the flow meter,
ihe vendor shall also be responsible for providing the IPS cxhaust line from the engine 1o the Now meter.
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2.1.30.3 Customer Bleed Raw Flow (GE Eogines): Accuracy +2%. The flowr meater i3 comected to a port on the
cngine conpresso and shall he sized to snppart 2 flow of 3-501b/h,

2.1.3.4 Tacility Waler Brake Water Flow Rate: Accuracy +2%. This flow is monilored fo insure that sufficient
waller 1% [lowimny into the water brake from the facilities cooling basin. The meter is locaed n the Test Cell Water
Frake facilities piping and should be sized w support a low runge from O o 120gpm. Approximare facilitics pipe
diarneter is 37,

2.1.3.5 Waler Brake Bearing HyO Flow Rate: Accuracy 2%, This flow is mondlored o msure that sufficient
water 15 flowing into the water brake bearing from the fcilities cooling basin. The meter is located in the Watsr
Brake plumbing and shall be sized to suppaort a fow range lrom 15 to 20 gpm. Facilities pipe diameter is %"

2.1.3.6 Woater Brake Bearing (0l Flow Rate: Suggested transducer oulpul range: 022000 Hz, Accuracy 2%, This
flow iz monitored o insire that sufficient oil is lowing inwe te water brake bearing from the facilities water brake
lube oil supply. The meler i« located in the water brake Chl Inhe piping. Bacilities pipe diameler is 57

2.1.3.7 Water Brake Air Flow Rate: Sugeested fransducer oulput range: 02000 Hz, Acowracy L2%, This Dow is
wonileted Lo lusure that sullicient air is Nowing inio the water brake from the facilities CDA supply. The meter is
located in the Water Brake pncumatic tbing. Approstimate Gacilities pipe dinmeler is 47,

2.1.3.8 Engine Lube Oil Flow Rate: Suggested transducer output range: 0-2000 | Ls, Accuracy £2%. This flow i3
monilored Lo msure that sulficient oil 15 flowing inta the Engine Tube System from the lacilitics ube oil supply. The
meter is Jocated in the facilities ail lube plambing. Facilities pipe dianeter 15 147

2.1.4 RPM Measurements

2.1.4.1 FI'M measurcment i3 critical for cngine test, and several inportant aspects must be considered. A periodic
signal 15 provided whose frequency is proportional to the rotor BPRL, The ditferent engines have different iransducer
frequencies at 100% rofational epeed, a8 shown in table 31

Engine . [ l’aralneter“ Bercent Speed Rrativnal Speed : Transducer Freg.
700 | Ng 100% 44700 RPM 2135.7 Lz
00 Np 100% 20900 RPM 1393.3 Hz
TS51712 N1 100% 18720 RPM 7011z
T551.712 Nz 100% 15334 RPM [ 0uz
TS5GATI4A NGG 100% L5720 RPM 2787 11z
TSSGATI4A et . - 100% 15334 RPM | 2816 Hz

Table 3-1 — lingine Rotalional Speeds and Transducer Frequencies at 100% Speed

2.1.4.1 Tn order to sample the romhonal speed parameters at g required 10 samples per second rate, a period
measurement of one-half, one, or a small mumber of cycles s vequired. The perind shall then be converted to
frequency and the caleulated values of RPM and % speed shall be reported. The basic accuracy for the
ineasurerments 15 =0 2%, A COTS courtertimer data acquisition conmponent may he emploved,
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2.1.43 An important consideration for the BPM measwremenls is sellware fleringfaveraging. The data acquisition
syatem must be capable of perfonnimg averaging/filtering, and reporting the resull as the RPM i real time. RTA
“jitter” 13 a comman problem io testing engines, especially when ulilizing a Water Brake load Fxeessive jiter vun
make snap shols el engine perfurmance inaccuratc. However, filtering that excessively reduces tluctuation and
change will not be acceptable to (uality Assurance, Tlexibility in [lienng andfor averaging techniques i3 therefore
required.

2.1.4.4 The data acquisition system can utilize two channels for RPM measurement which support the requirements
for all three enpine types, or it may use up o siv channels, one for cach cngine speeifie rpm measwrement, i needed
to meet the dittferent fequency requitements. Tn additiom, two spare channels are required for fiture expansion.

2.1L.5 Torgue Measurement

2.1.51 Tingine torgue is measured internally in the enpine, ag well as on the water brake load, Lor the GE T700
engines and the Honeywell T2303A714A, an output voltage of 0-BVDC must be measured to an aceuracy of 1.05%
for internal engine forque, 'This correlates 10 approsdnutely 0-9600in-Ibs for the (GE T700 engines and 0-24,000 in-
[bs [or the Homeywell TS5-GA-T714A engines. For the (5K enpines an external torque stabilizer is required to reduce
torque oscillations, This sabilizer is a CCAL GFE item,

2.1.5.2 Tor the T55L712 engine mlemnal torgue, a special power supply/siznal conditioner circwil is reguited, and
will be supplied by CCATD. The resulting output is a 9 1o 80 milbivalt DC woplinear sipnal, as maphed m DVWE
35-2540-254 Vigure 7-4, The cutpur of the signal condilivning cirouit must be properly calibrated and chavavierived,
a3 degcribed in the DMWE. A dala acquisition channel shall also be provided to measure the power supply voltage
for the TS5L712 stram gauge signal conditioning cirenit which has a range of O Lo SO0 millivolts AC. This
measurement is for diagnostic purposes.

2.1.53 The cxact method for measuring water brake torgue is to be detzrmined, One or more channels nmast be
dedicated to load torqua measurement as required, with the tange ol lemgue values being O to 2000 Th-fi and the
required accuracy being +£1.5 h-[i.

2,1.6 Encoder Measurcement
2.1.6.1 The C&l aystem includes several encoders for testing the GE T700 (3 encaders), Toneywell 1550712 (2
cncoders), and Homeywell T33GAT14A {1 encader) engines,

2.1.6.2 GE TTOO Oocoders. Fange: 0-360°, with 4 nuninum of 900 pulsesfrevolnbon, Incremental Encoder. The GE
engine requires three encoders [or monitoring the position of the Power Available Spindle (PAS) (0F to 130%), Toad
Demand Spindle (LTS} (07 to 130%), and the Sage 1 Vane Angle position (-10¢ to 407 These encoders are
mcuated oo custom moulactored bruckels thal allach Lo the engine. Tt is requited that the encoders be identical to
those presently used at CCAD, or a form-fit-functional replacement, The encoders used in existing CCAT? test cells
arc DRC {now GST Lumaonics) [reeermental Lncoders,

2.1.6.3 Honeywell T35L712 Encoders. Range: (-360%, with a miniswm 900 pulses/revolution, Incremental Encoder,
The C&I zystem requires one encoder mounizd o the existing CCAD interface bracket for monitoring the Power
Tever Position (0-160deg), A seeond emceder for monitoring the N2 throttle position iz prefomed for diagnostic
lesling.

2.1.6.4 Honeywell T35GAT14A Docoders. Fange: 0-360°, with a mininum ) pulsesevolubdon, Tncremental
Encoder. The Céd system reguires one encoder mounted to 2 OCAD inteiface bracket for monitaring the Lngine
Cunlrel Lever Position (0-90de:s).
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2.1.6.5 In nddition to the cneoders, the C&T system requires a dala acquisition card capable of myniloring both 2%
and 4X quadrature counting. Separale channels shall be allocated for cach encoder input Lor the faree engine types.

2.1.7 Vibration Measurement

2.1.7.1 The required method lor avquiring vibralion measurements as part of the C&L system is to procure the same
measurement hardware used in the existing test cells. An alizinae system may be proposed and considered which
meets the requiremients and offers enbarcements o those exdsting, The current hardwars wsed i an Endeveo TRAS
IT Vibration systein, which is comprised ol the following hardware:

#) Aceclerometers: Maodel 62225-20) for lnygine mounts (2 ca)
Muodel 62225-30 [or Accessory Gear Box ( AGIR) (lea)
Muodel CEL-4-128 Water Brake and Tacilitiss Waler Pump
(2 ca)
by Charge Converter: Model 2777-02.25; Gain: 2, HT Freq: 23Hz. (1 per Accelerometer).
cj TFAS I Amplifier System; Muodel 68222 8-Channel Computer-Controlled Digital Tracking Filter
Amplifier,

2.1.7.2 The accelerometers are to mount directly to the Engine Accessory Gesr Box (AGTY and Tubine. The
mutputs of the accelerometers are connecled Lo the 2777 Chargs Converters, which are mounted o the engine hoist.
For testing GE engines, the acceleralion ouput of the comvarter is used, whereag on the Homewwaell engines, the
velovily outpul of the comverter 13 used. The output of the charge converters are routed to the operator control reom
to the TFAS 1T Amplifier Systen.

2.1.7.3 The TTAS Il Amplificr System is contained in a 19* rack mountable chussis and is compurer controlled via
IEEE-45E. There are 3 analog oulpuls [or each ioput chanmel (Angplitnde, Frequency, and Phase). These analos
outpuis are then fed mio the C8l system for determining pass/fail eriteria,

1.1.7.4 An alternate vibration monitoring gyslesm, which mcorporates the technical requirements as stated, will be
considered for adoprion. The system must be uble o include water brake systerm vibralion and provide for
comparison ol oLl gl in real tme.

2.1.8 Chip Deteclors

2.1.8.1 Three chip detectors nust be monitorad by the data aequisition system (gearbox, power turbine oil scavenge
und No. 2 bearing oil scavenpz). The magnetic field of a chip detector 1s designed to capture debms particles which
can bridge a gap hetwesn two 2lectrodes, This bridging acts as a switch closure for an alarm circuit or "chip” light,

A typical cirowit cmploving a chip detestar is shown below,



NOOLT4-05-TR-000 &
006
Page 17 pf 23

Fizure 3.2=1. Typical Chip Detector Circuir

2.1.8.:2 The load is normally & cockpil ndicatur lamp with a typical resisance of 500 0 1500 chms. The signal
conditioning ler monitering the chip detectors shall include 28 Ve excitation and a 28 volt panel moune light on the
test cell operator console, or an equivalent load and an alerm indicator lght, Chip detector voltage or cuirenl stll be
monitored by the data acquisition gystem. In addition to the three required chip detector channels, one sparc chip
detector channel shall be provided to inelude the required power and signal conditioning cireuil.

2.1.9 Enpgine Static Indicators.

The C&IL System reqguires the shility to monitor static de signals ¢oming fom the Bngine. These are typically (-
13vwde sipnals coming from the engine TOUL The “ONAUT™ status of these signals noeds to be visually available tw
the test cell operatots, The [ollowing 13 a lst of signals in this category.

Ol Filter Bypass Indicator (G Fngines): 0-15 wie,

Fuel Filter Bypass ludicator (GE Gupinesk: 0-15 vide

Anli-leing Bleed and Start Valve Indicator (GG Engines): 0-15 vde
Torque Match Tnpat Tndicator (GF Dagines): 0-15 wdi,

2.1.10 Absolute Humidity

Absolule humidity in the test cell must be measured, Range: O to 200 grains/b, Aveuracy +2%. This can be
accomplished by using a dew vell hyerometer with an RTD lermperature output, a humidity/dewpoint transmiter
with an B5-232 or other commmunications interface, or a chilled mircor hygrometer. The mixing Tatio is the
caleulated paramcter that is required, with onits of “gradns per pound™

2.1.11 ¥oltage and Current Measurement

21110 The Tollowing ranges of voltage and current measurement are needed.

A00TTz Pawer Supply Voeltage {All Engines): 0-30 wdc
400H: Power Supply Corrent (AN Enginesy: 0-50)
Tgnition veltage indicator {All Engnes): 0-125 W
lgnition current indicaior (Al Enginesj: 0-3 A
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2.1.11.2 The Honeywell T55L712 Lngine requires the use of 2 special signal conditioning module thar includes a
GFE engine puwer supply [or measuring the Fnging Torque. Vor troubleshooting and diagnostic purposcs, it is
required that the following signals be munivored by the Cé&l syslem.

Torque Meter Power Supply Voltage: 0-200 m¥V AL,
Torgue Meter Power Supply Current: 0-100 ma
Torque Meter Power Supply Output Frequency: 2000 Hz

2.1.11L.3 [n additivn to these measurements, at lzaat 16 spare channels for voltage, § spare channels for cumrent, and 8
spare channzls for frequency shall be provided.

2.1.12 Alarm Annunciators

Z.1.1L1 The system shall inchide alarm anmmciators for indicating when cerfain parumeters fall outside of
predetermined, configurable safety limits. The anmunciarors can be implemented with panel mounted lights or with
wirtual alarms {on the menitor sereens). An audio alarm must accomapany the alarm condition. The audio alann shall
be ergonomically balanced such that it makes the operstors zware of the condition, bul dovs not present an
annovance or irritation. Tyvpical alanm anmunciators are as follows:

Water Brake:
s Low Waler Brake Pressurc
#  [ow Waler Lovel
= Low Bearing Water Tlow
¢ High Water Brake Temperature
¢ Low Bruke Oil Pressurc
o Low Bruke Onl Flow

* Low Engine Oil [nletl Pressume
*  [ow Engine O1l Filter Out Pressurs
s  Low FEngine (hl [ gvel

s [ligh Ungine Oil Tanperature
¢ [ow Fuel Pressure

= And-Teing Pressure

¢+  High Cell Oil Temperature

#  Chip Detecior %1

s Chip Detector 42

= (Chip Detector 3

#  T700 Fuel Bypass

s 700 Ol Filler Bypuass

¢ 700 Low Fuel Boost Mressure

s T700 AT Valve

L1122 [n additivn Lo the above anmmciators, the system shall have the capacity Tor sdditional anmmnciaters {at
least 16), such that they could be susily inserled into C&T system to satisfy future requircments,
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21123 Aununcialors shall blink until acknowledged by the operator, and shall sty 1t therealer unti] cleared,
Clearing the anmunziators shall be passweord protecisd, Ao awnupciator tesl fealure (button) shall be inchided such
1l when the test 1s sxeculed, all annunciators are cavsed to blink,

2.1.13 Max Values

The C&1 system must have the ability w stome the maxivnum acqwired reading and duration lor o particnlar set of
parwmclers during test, which can then be gasily retrieved and displaved by a Qualivy Assurance inspector. Lhese
i values sholl only be clearable when a key is inserted into an cnabling key switch, available on the comsele, and
which cannot be overridden by the aperators. Testing of another sngine sholl nol be possible until the max values are
cleared by the Guality Assuratve inspecior (who holds the kevd, The paramcters typically chosen lor mes values
are:;

PTIT/EGTMGT
Load (Water Brake Torgue)
Compressor Speed

Power Turhine Speed

1.2 Cootrol and Stimulus Capabilities

The Cél system must provide the capability o contol the Lngine speed and waler brake Torgue mamually using
levers located in the Operator Conlrel Boum, In addilion, suienmde contrel via the software for stability must be
mcluded. Control levers shall have no delay or hysteresis between moverment of the lever und movement of the
corresponding drive mechanizm.

The following Controls are required Lot this systen.

l. PAS and TS Levers for contralling the G T700 Engine,
42, N1 and N2 Throltle Levers for conlrolling the Homewwell TS5T.712 Engine,
L3 BT for comtrolling the Honeywell I'3505A714A Lngine,

44, Load Condrel Levers for controlling the water bralee Torque,
b5 Control Knob for contralling the NP Demand.

2.2.1 GE T70 Engine PAS and LDS Levers.

Two levers are requued for conirolling these spindles. Tt shall be left to the ' est Cell conteacior 10 determine the best
means ol interlacing the control levers to the hardware linkage provided by CCAD. In desizning the interface,
human factors and software override capahilities shall be considered.

1.2.2 Honeywall TSSL712 Throttle and Power Turhine Speed Control

A control lever is required for controlling N1 speed of the T35L712 engine. A second lever is requited for power
turbime (N2} apeed control. Tt shall be left to the Test Cell Conirucior 1o determine the best means of inerfacing e
control levers 1o the hardware linkape provided by CCAD. In designing the interface, hyman fctors and softwarc
override capabilifes shall be considersd.

2,23 Homeywoll T550GAT14A Engine Conirol Lever and W2 Knoh,

Thiz ECT. iz part of the Vendor Specific required components, as is the N2 Tlemand Knob, They are included as part
ol the Honeywell Operator Conselz package. The test cell contracior needs o verify with Honeywell whether or not
the linkage and engine mounting hardware 8 melwded, 15 not, the test cell contractor shall he responsible for
providing the interconnecting hardware.,
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2.2.4 Load Control T.evers

Two Water Brake Control [ ever(s) are required {o conirol Lhe Torgue applied to the Engine Shail, One lever chall
contral the water presgure enlering the water bruke, and the second controds the water leaving the water brake, Thege
lsvers are to be located on the control console in the operator comtrol roorm.

2.2.5 NP Demand Control Knob (GET700)

The NP Demand Conlrol Kneb is comprised of a 10-mm potentiomener with a 10% tap. The potentiometer range is
=15vde.

2.2.6 Panel Butions and Switches

1,2.6.1 The Operator console requires a bank of buttons/switches that allows the operator to control test cell and
tngme functions. A miimun of G4 are required, with a suggesied minimum contact rating of 1 amg, Delow is a list
of example control signals requiring rmaoual control via button/switch that shall be included:

Orverspeed Test Switch 2 ea- (GE and T35GAT14A Fhgines):
Adr Srart ON/OUT Conlrol {All Ingines):

Lenition ON/OFF Control (AN Eogines

L0 Hz Power Supply ONAOTT Control (All Engines):
Enzine Fuel Ilow Valve Cuwofl Swilch { A1 Eugines):
Test Cell Lightiny Contactors - mininmum of & ea.
Chip Detector Power

Alarm Test

Alarm Acknowledee

Manual Timer

Emergency Fire Supprassion

2.2.6.2 Engine start and cmierpency fire suppression functions shall be protected by dusl cnabling key switches, The
key switches shall also have at least one additional sei ol contacly (nomnally closed) to allow adjacent we cell start
functions to be locked out when the keys are n the enable position.

2.3 Control Signal Outpurs

The systern shall provide a minimum of & contral volage outpats (0-10%) thal can be programmed to provide P10
conlrol based on any variable measured by the C&l syslem, wilth 5 loop cyele timz as short az 10 mSce. These
comtrol signals are intended fo provide system [exibility for fumre expansion, or for solving open loop control
problems that might present themselves. 4-20 ma and the P11 software shall be supported with an antotine program,
like ExperTunc's Products. Fach PID loop shall allow for characterizer for the process acrnss the entire range {muth
PIT's for the process).

2.4 Hardware and Software Fillers

2.4 The &l Systemn must have U ability to implement a variery of hardvars and soltware fileers. The hardware
Tlering shall be included as part of the sipnal conditioning lor each chymnel. A typical hardmare filter shall be sot to
an anti-aliasimg 3-pole low-pass frequency of 5 [ but ether [lier fTequencies shall be available. Sugpested fitters
are provided in the parameter table in Appendix C.

24.2 The ability to implement software filters is reyuired, including e dnlity to use manning averages and hox-car
averaging. An cxample of 3 typical soltware averaging algorithm is using 70% of the running averare of a signal
and 30%; of the latest reading lo produce the next displayed value, Oiher examples of desirable sollware [lers
inclhude digital Butlerworth and First Order Lag filtering algorithms,



MNODLT74-03-R-0013
[HI 6
Page 21 ol 23

2.5 Special Coonections

2.5.1 &pecial connectors are required for interfacing o the (U1 1700 Eoneines, The “EL” connector, located on the
BCL, includes comtacts for T4.5, overspeed test switeh, NP demand, engine torque, torque match input and 400 Hz
power supply monilering. The mating commector for B1 i made especially for General Electric by Pile Mational, P/
BF&-1216-245V-Y8%. This connector may need 10 be purchased irom G.E znd will likely have long lead dmes. Tt is
impertant to aote that Jilferenl versions of the eogne may have different BN pin-out definitions. The C&T system
must have the capability of adapting to a number of different pin-oul combinalions lor Bl through switching,
conversion cables, or other mcans.

1.5.2 Similarly, the mate for the E3 connector, Pile National PN RFE-1216-245V06-Y 70, is alse capecially made
tor (3.E. This connector containg contacts for iems such ss 1mition voltage and current, chip detectors, vil and fucl
filter bypass switches, NP and NG lachomeler oulputs, and other signals.

1. Design and Construction
3.1 Standards

The C&T systemn shall utilize industry standards for instrumentalion, mterfaces, compmters and sollware 1o the
maximum extent possible. ISA standards und conventions shall be followed, especially with respect 0 the
relerencing ol dala avguisition chanmels and sensors.

3.2 Modularity and Interchangeability

The C&T aystem shall be madular in pature, allowing easy replacement and expansion of data acquisilicn module:,
signal conditinning medules, sensorfimnsducors and control computers. Proprictary interfaces and architectures arc
discouraged and require specific approval by CCAD. Open architectures which allow integration and suhstitution of
hardware [rom mulliple instrumentation vendors are preferred. 4 desizn which reduces overall system footprin is
ilso desirable. Each control room supports two test cells requinng typically 24 operators on-hand during engine
testing, 11 15 required that the daly acquisition hardware and hamess terminations be installed in no more than two
197 wide racks, with a maximum height of & fi. Operator congoles ghall be no latger than 7 £ long and 28 inches
deep (excluding work surface depth), with a deskiop workswrface on the fiont of the congoles having a maxinmm
depth of 18 inches.

3.3 Safety

3.3.1 The Tesat Cell Contral and Instrurentation system must be capable of monitoring various diserete input sismals
to provide hardware safety mterlock protection for control ougpais o the Eneioes. Below is a list of the control
oulputs that require hardware interlock protechion and their associaled semsor inputs.

1. Engine speed, max throtile operator entry, and air-starier igniuon relay (HS0305) controls: 1T any of the
below conditions exist, or ncour during testing,

a.  the Bugioe trotle speed aulomatically retards to idle,
b the operator is preventad from entering the max throule value,

Sensor Input Interlock Condition:

1. Water Brake Buearing flow rate decreases helow min level

+2. Water Brake Supply Pump Pressure decieases below tmin level.
1.3 Gearbox Vibration sensor exceeds max Lmit

I-% Ulpper Power Turbine Vibration scnsor cxeceds max limil,
5. Lower Power Turbine Vibration sensor exceeds max Iinmil.

16 Water Brake Vihration sensor exceeds max limit.

L.7. Engine Lube Cil Pressure decreases below min imit & NG Speed is greater than 52%
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18, NP (N2} Engine Speed cxceeds max Limit

=10, Operalor depresses the ESD Momentary Switch

In addition, if the Operator Deprasses the LSD Momentary Switch, the Fuel Valves conuolling the cngine
mlet fuel (FV0022 and FWO022A) shall be shul off

3.3.2 Umce achivated, the Interlack state shall remain until the problem is resolved and the sofierars jvwuey u “Rezget™
comnmand Vi operator input.

3.3.3 In addition, the C&T systam shall provide the following capabilitics:

1. Continuous parameter liniit checking of engine and test cell sensors,

2. Provide systom actions resulting from limit alarms and sulomatically record all Timit messages.

+:
bl

FProvide a security syslem to prevent unauthorized access to operation, data, or system confipuration.
3.4 Tluman Factors
The following srgonviie Gcloms shall be addressed by the CET systenn:
1. The C&l System shall provide an easy to use Craphical User Inlerface (GUT) for both the “Pilot* snd “Co-
Trilot” Operators.
2. Annuncigters shall be large cnough so that they are highly visible such that the operators can eusily
asvertuin the nature of the alarm. As a goal, the audible alamm shall be evident but shall not be irmilating,

4:3. The systemn ghall have a small enongh footprint that visitors to the test cell ean easily pass throwgh and there
shall be ample work spave for the operalors.

ol the awitch.

4, Operation and Maintenance

4.1 Reliability

This supportability requirement fncludes all Lilures in which are eritical w the proper opetation and diagnostic
capability of the C&l Sysiemn, Under normal use and operation the &l Systemm shall not fail within 1300 hours of
operalion with o statistical cortainty of 35%,.

4.1 Service and Maintainohility
4.2.1 Serviee and maincainabilicy are imporant factors to be considered in the C&T design. The objective is to ensure
that maintenance provisions ars addressed during e design phase,

4.2.2 The C&I System shall be designed and constmucted using standard hardware that will mect the following
conditions.

1. Procurcd hardware shall, whenever possible, be standard off the shelf parls which can be replaced with
short [ead times (1-2 wicks).

2. Safety. Functionality, Relizhility. Replacement Lead times and Cosl are factars that shall be considersd
when purchasing hardware.

3. Pouiproent design shall facilitate rapid, positive faull delection and isolation of defeclive items.

4. Al wiring, componants and lerminstions shall be appropriately labeled, and the labeling shall match the
swstem documentation,
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3. Standard parts shall be used whenever practical. Components shall be replaceable as module packages. and
conligured for rapid rernoval and replacement,

&, Liguipment requiring periodic calibration and adjustment must be readily aceessible withour disasscrnbly.

7. Guides. tracks, or stops shall be provided as necessary to facilitate handling and prevenl damnge to
equipment or injury to personnel.

B. Sharp edges and corners that pressnt a personnel safety hazard or potential damage o clothing or
equipment shall be suitably protected or ronnded.

9. Lguipment shall kave inlegral lighiing in maintenance areas, whicl would otherwise be poorly illuminated.

4.3 Supportability

All C&l hardware and software componeors shall be purchased from reputable, leading vendors in test and
measuremienl nstrumendalion. Components chosen shall be expected to have lomg wrm sapport by the OLM.
YVendors whe have ropresentation in the Corpus Christi area are preferred, The following additivoam] C8I syslem
suppottabilily [ealures are required;

l.  Auomatic sell-lests during sLatlup.

{2 Dhagnostic vtilities tor hardware troubleshooting

cell wining diagrans, schematios mnd parts Hsts.

4.4 Calibration

44,1 All measuring instuments’devices/standards associated with the C&1 sysiem must be ordered with a
valibralion cerlificale. Periodic Calibration is requited as per (he OEM recommended calibration cycls, Calibration
shall be compliant with ANSTNCSL Z340-1. The test ccll contractor shall provide a complisnl calibralion
procedure for the emire C& ] sysiem,

4.4.2 Software shall be provided to facilitate calibration of all data acquisition channzls, As a nunimum, calibrabien
limits for a particular input value shall be displayed, and measured values shall be color coded as they are displayed
in real-time according to whether the measured values pass or fail the limvits. Calibration standards will be provided
by CCATY for temperature, pressure. voltage and frequency, Special or unusual calibralion requirements chall be
addressed and provided Lor by the lest cell contractor prior to CDE. Any cormmection factors used that are accessible
vig software shall be password protected.

4.5 Sell Test

The Cé&l systemm must be capable ol perlorming a self test on the control and measurement devices within the
systemn. Smart instrumentation shall have the ability to conduct intarnal self teatz and repotl the results when the
svetem self test s executed. As a miminmm, each channel af the dats acguisition sysiem must have the capability o
read a buili-in test signal. such as a reference voltage, [or sell lest purposcs.

4.6 Familiarizadon and Training

Upen completon of the wst cell C&l implementation, the test cell conlrsctor shall familiarize the test cell operators
with the sensors, hamessing, and data acquisition instrumentation used on the three different engine types. The test
cell contractor shall also be responsible tor providing (raining 1o the operawrs on the wse of the C&T system,
include normal operations, calibration, sell lest, diagnostics and repair. The duration of this training pariod ghall be
Lo tem {100 raining days fir four (4)y COAT studants.



